Diastereoselective conjugate addition of 1-enoyl-5-substituted hydantoins with allyltrimethylsilane in the presence of Ti(IV) chloride proceeded to give the corresponding allyl adducts in high yield and high diastereoselectivity. In order to determine the absolute configuration on the β-position of the acyl group, the hydantoin was removed by hydrolysis of the allyl adducts with a base to give the corresponding carboxylic acid. It was found that the absolute configuration was S on the basis of specific rotation.
Introduction
Chiral auxiliaries are one of the most useful tools to synthesize optically active compounds. Among the many types of chiral auxiliaries, 5-membered heterocycles containing nitrogen atom(s), such as 2-oxazolidinone or 2-imidazolidinone, are the most popular [1] . Optically active hydantoins, which resemble 2-oxazolidinone or 2-imidazolidinone in structure, were easily prepared from amino acid amides without racemization [2] and they play a role as a chiral auxiliary [3] . We have reported high diastereoselective conjugate addition of 1-enoyl-5-substituted hydantoin with a nucleophile, e.g., diethylaluminum chloride or dialkylcuprate reagent [3] . Generally, the diastereoselectivity at the β-position of the acyl group can be lower than that at the β-position of the acyl group (Scheme 1) [4, 5] in the synthesis of optically active compounds via the use of a chiral auxiliary.
Therefore, development of a new method and a new chiral auxiliary is required. In this paper, we examined Ti(IV) chloride-promoted diastereoselective conjugate addition of 1-enoyl-5-substituted hydantoins with allyltrimethylsilane and found that optically active hydantoins are effective chiral auxiliaries for inducing a chiral center at the β-position of the acyl group.
Results and Discussion
The results in the diastereoselective conjugate addition of 1-enoyl-5-substituted hydantoins 1 with allyltrimethylsilane (All-TMS) are shown in Table 1 and Scheme 2. Ti(IV) chloride was a suitable promoter for the conjugate addition of 1a with All-TMS, but Sn(IV) chloride was not (entries 1 and 2). However, the diastereomeric excess (d.e.) of the allyl adduct 2a was not determined by 1 H NMR or HPLC analysis. The diastereoselectivity of 2a could be successful determined from the HPLC analysis of 3a, which was obtained from the catalytic hydrogenation of 2a (Scheme 3). Conjugate additions of 1-enoylhydantoin 1b and 1c, which were prepared from Tryptophan and Valine, respectively, were also examined. Unfortunately, the d.e.s of both allyl adducts were lower (entries 3 and 4).
In addition, 1-cinnamoylhydantoin 1d was used as a substrate. Since the steric hindrance of the phenyl group at the cinnamoyl group is relative higher than that of the methyl group at the crotonyl group, the reactivity of 1d was expected to decrease relative to that of 1a. In fact, a reaction temperature of −50˚C was necessary to complete the reaction, however, their chemical yield and d.e. were similar (entry 5). Under the conditions of a higher reaction temperature at room temperature, the chemical yield and d.e. decreased (entry 6).
Wu et al. reported a similar conjugate addition of 1-cinnamoyl-4-substituted 2-oxazolidinone with allylsilane in the presence of Ti(IV) chloride at 25˚C [6] . However, the present conjugate addition using 1-cinnamoylhydantoin proceeded under a lower temperature of −50˚C. Comparing the two reaction t mperatures above, the ree activity of hydantoin would be higher than that of 2-oxazolidinone in the conjugate addition. In order to determine the absolute configuration of the β-position of the acyl group, hydantoin was removed from the adduct to give the corresponding carboxylic acid [7] . Allin and co-workers reported that the specific rotation of (3R)-3-phenyl-hex-5-enoic acid was [ c 0.59). Comparison between the specific rotations, the absolute configuration of 4 was S (Scheme 4). The above result suggested that the structure of intermediate 5 in the transition state would be a bicoordinated model, and thus allylsilane attacks the enoyl group from the Si-face (Figure 1 ).
Experimental
General procedure for preparation of 1: To a DMF solution of hydantoin, acid anhydride and N,N-diisopropylethylamine was added a catalytic amount of N,Ndimethylaminopyridine at room temperature and the reaction mixture was stirred for over night. DMF was removed under reduced pressure and the residue was extracted with EtOAc. The organic layer was washed with 5% citric acid aq., 5% NaHCO 3 aq., and brine. The organic layer was dried with Na 2 SO 4 and was concentrated under reduced pressure. The residue was purified by preparative TLC on silica-gel and 1 was given.
(S)-5-benzyl-1-crotonyl-3-phenylhydantoin: mp 85˚C.
[ ] General procedure for conjugate addition of 1 with All-TMS: To a CH 2 Cl 2 solution of 1 was added Ti(IV) chloride under nitrogen. The mixture was stirred for 10 min. All-TMS was added to the reaction mixture. The reaction was quenched by adding saturated NH 4 Cl solution, and the organic materials were extracted with CH 2 Cl 2 . The CH 2 Cl 2 layer was washed with brine, and dried over Na 2 SO 4 . After removal of solvent under reduced pressure, the residue was purified by silica-gel column chromatography, and the allyl adduct was isolated.
Allyl adduct 2a (signals of the major adduct were showed only): 1 Catalytic hydrogenation of 2a: To a methanol (80 mL) and a small amount of CH 2 Cl 2 solution of 2a was added 10% Pd/C as catalyst under hydrogen, and the reaction mixture was stirred for 2 days. After removal of the catalyst by Celite filtration, the organic layer was concentrated under reduced pressure and 3a was given.
3a (signals of the major adduct were showed only): 1 H NMR (CDCl 3 , 300 MHz) δ 0.93 (3H, t, J = 6.6 Hz), 1.02 (3H, d, J = 6.6 Hz), 1.25 -1.45 (4H, m), 2.00 -2.10 (1H, m), 2.75 (1H, dd, J = 16.4 and 8.1 Hz), 2.93 (1H, dd, J = 16.4 and 5.4 Hz), 3.37 (1H, dd, J = 13.9 and 2.7 Hz), 3.66 (1H, dd, J = 13.9 and 4.9 Hz), 4.79 (1H, dd, J = 4.9 and 2.7 Hz), 6.85 -6.95 (2H, m), 7.05 -7.10 (2H, m), 7.25 -7.40 (6H, m).
Hydrolysis of the allyl adduct into 4 [7] : To a solution of LiOH and H 2 O 2 was added a solution (THF and H 2 O) of 4 at 0˚C. The reaction mixture was stirred for 2 h. Na 2 SO 3 was added to the reaction mixture at 0˚C, and it was stirred for 30 min. After removal of the solvent under reduced pressure, the residue was aciditified by adding 10% citric acid solution. The organic materials were extracted with CH 2 Cl 2 . The organic layer was dried over Na 2 SO 4 . The solvent was removed under reduced pressure, and the residue was purified by silica-gel preparative TLC and 4 was obtained as oil. 
4:

